This paper describes the determination of a relative delamination size of the skin to the honeycomb core of the honeycomb sandwich panel using the Finite Element Method approach. In the analysis, the honeycomb sandwich panel was modelled in the actual dimension using CATIA. The delamination of two different sizes (10 mm diameter and 30 mm diameter) were modelled to simulate the delamination cases. Using Nastran/Patran, the models underwent a three-point-bending test in order to simulate a result. The results were compared between the case of no delamination, 10 mm delamination, and 30 mm delamination. From the simulation, there was a significant difference of displacement of the skin (facing) between the 10 mm diameter delamination and the 30 mm diameter delamination.
INTRODUCTION
Composite materials have long replaced the metallic structure in the rudder skin box of modern civil aviation aircraft [1, 2] . These composite materials are usually made of sandwich panels i.e. honeycomb core and carbon fibre skin [2, 3] . One of the problems in all composite structures is delamination occurring inside the sandwich panel itself where it is very hard to monitor or be seen with the naked eyes [3] [4] [5] . In this paper, the delamination sizes would be probed to see if there was an indication it the delamination was relatively small or relatively bigger. Some other researchers have used Finite Element Analysis to analyse the delamination inside the sandwich panel for example Davies et. al. who did analysis in predicting the delamination in aerospace structures using numerical approach [6] and also Chen and Ozaki who conducted the study on the stress concentration due to the defects in the honeycomb sandwich composites [7] . The prediction of delamination using Finite Element Analysis approach was done by Han et. al. [8] while reverse method of Finite Element was employed for displacement and stress monitoring of sandwich structure was conducted by Cerracchio P. et al [9] .
OBJECTIVES
The first objective of this paper is to compare the stress load in the sandwich structure with delamination and without delamination. The second objective of the paper is to determine either a relatively small or relatively large delamination by comparing the displacement between the 10 mm delamination to the 30 mm delamination using Finite Element Analysis. 
METHODOLOGY
A 3D full-sized honeycomb core with carbon fibre skin sandwich panel was modelled using CATIA software. The panel was about 300 mm length and 200 mm in width with 20 mm thick. Three models were modelled to represent three cases namely no delamination, 10 mm diameter delamination and 30 mm diameter delamination. The delamination was made at the centre of the panel on one side below the skin. The delamination was made by having a circular void in the solid model honeycomb core so that there will be an empty area created to represent a delamination. The following Figure 1 shows the 3D solid model of the honeycomb sandwich panel.
About six cells of the skin would cover the top of the honeycomb core cell. The six cells which had six corners, were used to ensure that all six corners of the hexagonal honeycomb core cells would be shared by the corners of the triangular cells in the skin. This factor was very important when finite element analysis was carried out later on.
The following Figure 2 shows the process flow of finite element analysis. The finite element preprocessing software used was MSC Patran, which was available at the Faculty of Mechanical Engineering, UiTM. The solid models developed in the CATIA were saved as ".igs" extension file and were directly imported in the MSC Patran environment. The sandwich panel structures were in the form of thin sheets, the honeycomb cell wall was a thin material, and therefore, it was treated as a 2D isotropic shell. The following Fig. 3 shows the full model of the finite element model. The following Fig. 4 (a), (b) , and (c) shows the finite element model of the sandwich panel for the cases of no delamination, 10 mm delamination at the centre, and 30 mm delamination at the centre. The delamination was made at the bottom half of the model because the model was symmetrical horizontally. The material properties for the honeycomb core and the carbon fibre skin were as the following Table 1 [10] [11] [12] .
For the load and boundary conditions, the following Fig. 5 shows the arrangement. In Fig.5 , the model underwent a 3-point bending test where the supports were rigid displacement on both of the top ends of the models. The load was applied from the bottom centre while the delamination was at the top of the model. In the FEA, the parameter that will be analysed was the displacement of the approximate location of Point A and Point B in the model. The load applied was 0.0 kN to 2.5 kN with an increment of 0.2 kN. 
RESULTS AND DISCUSSION
The following Fig. 6 (a), (b) , and (c) show the displacement contour of the FEA for no delamination, 10 mm delamination, and 30 mm delamination respectively. From the displacement contour, the result was tabulated in the Table 2 and plotted in a graph as in the following Fig. 7 (a) . From Fig. 7 (a) above, it could be seen that for the sandwich panel without delamination, the displacement is very low (12% & 16%), while for the 10 mm delamination; the displacement is greater (56% & 76%) whereas for the larger 30 mm delamination, the displacement was the largest (124% & 140%). The FE was validated by experiment using FBG to record the optical strain displacement. The result showed similar trend of results where the size of the delamination could be determined by comparing the displacement of the skin.
CONCLUSION
In conclusion, the paper has presented the determination of delamination size of honeycomb sandwich panel using Finite Element Method. The comparison was made between the sandwich panel without delamination with the 10 mm centre delamination, and 30 mm centre delamination respectively. In the simulation it was found that the FEA was able to determine the relative size of the delamination of the skin of the sandwich panel. The results of the finite element simulation had been verified through experimental procedure and the trend was found to be similar.
